Background: Lip augmentation procedures have increased drastically in the last years as patients seek to enhance the shape and size of their lips with dermal fillers. One of the main concerns faced with these procedures is the pain inflicted through injections. On the other hand, many different techniques have been introduced for the reduction of pain while performing office-based minimal invasive procedures. Objectives: This study aims to determine the analgesic effect of vibration anesthesia during lip augmentation procedures and to evaluate its overall effect on the comfort of patients. Methods: A split-lip study was designed in a randomized fashion for 25 lip augmentation patients who received hyaluronic acid fillers with or without with a concurrent vibration stimulus on either half of their lips. Patients were asked to score the pain that they felt during lip injections on a scale from 0 to 10 (0 being no pain and 10 being the worst pain ever felt) for either lip half. The pain scores were then analyzed for significance. Results: The overall pain score on the vibration-assisted side was 3.82 ± 1.73 while the pain score for the side with no vibration was 5.6 ± 1.76 (P < 0.001). Twenty-three patients (92%) felt less pain with the addition of vibration while, interestingly, 2 patients (8%) stated that they felt an increase in pain levels on the vibration-treated side. Conclusions: Vibration devices can be a safe and effective tool for lowering pain levels in patients undergoing lip augmentation with hyaluronic acid fillers.
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Cosmetic injectables have an established number one ranking as the most popular nonsurgical procedures in plastic surgery, as these minimally invasive options can minimize signs of facial aging while also being able to enhance certain facial features without having to go under the knife. In 2015 alone, hyaluronic acid injections have surpassed the two million mark for number of procedures performed for first time patients. 1 This comes as no surprise as the influence of social media and celebrities have especially given rise to a drastic increase in demand for lip augmentation procedures and many patients especially seek lip augmentation to enhance the shape and size of their lips. 2 Even though these procedures can easily be undertaken in office-based settings, certain precautions must be taken to ensure patient comfort and satisfaction. Without a doubt, our primary goal is to prevent possible complications from occurring by utilizing a safe and proper technique. 3 Our second goal, which is to provide patient comfort, is usually dependent on the pain that is inflicted Dr Guney is a plastic surgeon in private practice in Istanbul, Turkey. Dr Sezgin is a Plastic Surgeon and Clinical Specialist, and Full Faculty Member; and Dr Yavuzer is a Visiting Professor, Koç University School of Medicine, Istanbul, Turkey. through injection-based procedures. 4 Plastic surgeons performing facial hyaluronic acid injections would agree that the lips are a very challenging area when it comes to sufficient pain control. Cold applications and topical anesthetic creams are frequently used for this purpose but usually come short in achieving a painless experience, especially for lip augmentation procedures. Therefore the search continues for techniques that will aid in reaching this goal.
Recently, vibration tools have been adopted by clinicians for pain control during cosmetic injectable procedures. The method relies on the "gate control" theory of pain proposed by Melzack and Wall, which translates to the decrease of the intensity of pain by concurrent transmission of unpainful stimuli, such as vibration. 5 This technique has also been used for noncosmetic procedures both in the adult and pediatric population and is reported to be a safe and effective method for increasing patient comfort. [6] [7] [8] This method has also been investigated for its efficacy in Botulinum toxin type-A injections and facial dermal fillers but the effect of vibration anesthesia during lip augmentation procedures has yet to be studied. 9, 10 This study aims to determine the analgesic effect of vibration anesthesia during lip augmentation procedures and to evaluate its overall effect on the comfort of patients.
METHODS
Twenty-five healthy, female patients that presented to the plastic surgery clinic between July 2016 and February 2017, requesting lip augmentation with hyaluronic acid fillers were recruited for this study. Informed consent was obtained from all patients and the study protocol was in compliance with the guidelines of the Declaration of Helsinki.
Patient Selection
Prior to the procedure, all patients were questioned about health issues, previous lip augmentation procedures, and medications. Patients with any known illnesses or those under treatment with medications, especially anticoagulants, were excluded from the study. Pregnant or lactating patients, patients under the age of 18, patients with signs of active infection at the site of injection, and those with a history of adverse reactions to hyaluronic acid fillers were also considered ineligible for lip augmentation procedures.
Injection Technique
All patients were treated with topical anesthetic cream (EMLA) for 15 minutes before the injections. The filler material used in this study was Juvederm Volift (Allergan, Irvine, CA), a hyaluronic acid filler premixed with lidocaine.
All fillers were administered with their prepackaged Luerlock syringes and 30-gauge needles. A video demonstrating the technique is available as Supplementary Material at www.aestheticsurgeryjournal.com.
A split-lip study was designed in a randomized fashion and patients received dermal fillers with or without with a concurrent vibration stimulus on either half of their lips. Vibration was administered by gently contacting the skin with a hand-held vibration device (Vibrata, Beverly Hills, CA) that was held approximately 1 cm away from the site of injection by an experienced assistant. Following 20 minutes of topical anesthetic application, the site of injection was disinfected and the injections were proceeded with standard technique administered by a single surgeon (R.Y.). Vibration was started 2 to 3 seconds prior to injections to optimize nerve stimulation before needle penetration and was continued until that half of the lip filler injections was completed ( Figure 1) . No complications were encountered in any of the patients following the procedure.
Patients were asked to score their level of pain for either lip sides at the end of the procedure. Each patient reported their scores to a blinded assistant after the injecting surgeon had left the procedure room. Scoring was done with a 10-point Likert scale, 0 being no pain, 5 being moderate pain, and 10 being the worst pain ever experienced. Patients were followed up 10 days later with an in-office visit to ensure optimal cosmetic results and were asked by the same assistant if they would prefer their next treatment with or without vibration anesthesia. All data and demographic information were recorded and analyzed for significance.
Statistical Analysis
Pain and satisfaction scores were analyzed for significance with SPSS for Windows (version 23, SPSS, Inc, an IBM Company, Chicago, IL). Mean values and standard deviations were calculated for all data and the results were expressed as mean ± standard deviation. Data analysis was conducted by intergroup comparison of the ranked parameters with the t test. Statistical significance was considered for P values less than 0.05.
RESULTS
A total of 25 women participated in the study. The mean age was 31.36 years (range, 21-47 years). Fourteen patients (56%) had undergone previous lip augmentation procedures while 11 patients (44%) had lip injectables for the first time. The left or the right side of the lip was randomly selected with a number generator (Random.org, Dublin, Ireland) at http://www.random.org. (1 for left, 2 for right) for vibration application and 10 patients (40%) received vibration on the left half while 15 patients (60%) received vibration on the right half of their lips. No specific sequencing was utilized for determining the first lip half to be injected. The right side of the lip was injected before the left side in all patients as this was the routine technique that was employed by the surgeon.
Pain Scores
The overall pain score on the vibration-assisted side was 3.82 ± 1.73 while the pain score for the side with no vibration was 5.6 ± 1.76. This mean scale difference was found to be significant (P < 0.001). Pain scores were also analyzed to determine differences in patients who underwent previous lip augmentation and those being injected for the first time. For patients undergoing repeated lip filler procedures, the mean pain score on the side receiving vibration was 4.27 ± 1.78, while the score for the side without vibration was 5.45 ± 1.69. For patients undergoing lip augmentation for the first time, the mean pain score on the side receiving vibration was 3.46 ± 1.67, while the score for the side without vibration was 5.71 ± 1.86. Statistical analyses showed no significant difference between pain scores with or without concurrent vibration for both first-time patients and those that underwent previous lip augmentation procedures (P > 0.05). Twenty-three patients (92%) felt less pain with the addition of vibration while, interestingly, 2 patients (8%) stated that they felt an increase in pain levels in the vibration-treated side.
Preference For Vibration Anesthesia
Of the 25 patients enrolled in this study, 23 stated that they would want to have vibration anesthesia for future injections. The 2 patients who declined vibration stimuli for the future stated that they felt an increase of pain and anxiety with the addition of vibration. Both of these patients underwent lip augmentation for the first time. All patients that had undergone previous lip augmentation treatments expressed a desire for vibration anesthesia in the future.
DISCUSSION
Minimizing patient discomfort remains a top priority for all minimally invasive cosmetic procedures and the lips are among the most challenging areas to reach this goal. The general notion for minimizing pain at dermal filler injection sites include a gentle technique for injection while counter-stretching the injection site with the other hand, utilization of thin microneedles, and slow product administration. 4, 9 Other modalities that are frequently used to promote patient comfort include ice packs and topical anesthetic creams. These precautions and considerations are usually sufficient for pain control during dermal filler applications in most facial regions except the lips. Most hyaluronic acid products come premixed with local anesthetics which numb the patients after a series of injections, allowing the final touches to be made under more comfortable conditions. Yet most patients experience stress and anxiety due to pain until this state of anesthesia is reached which lowers the level of comfort and concentration for both the patient and the physician.
In this study, vibration devices were used together with topical anesthetic creams to determine the additional analgesic effect that vibration anesthesia may offer in the setting of lip augmentation with fillers. Although the topical anesthetic cream was kept for at least 20 minutes, the pain level for the lip halves that also received concurrent vibration was significantly lower than the sides treated only with topical anesthesia. This demonstrated that vibration can have additional anesthetic effects that are superior to anesthetic cream administration alone.
The mechanism of the anesthetic capability of vibration is based on Melzack and Wall's "gate control" theory of pain, which postulates that the intensity of pain can be reduced by concurrent nonnoxious stimulation, such as vibration. Their hypothesis states that the transmission of the sense of vibration from mechanoreceptors located in the skin via A-β nerve fibers results in the shutting down of a "gate" through which pain signals are transmitted to the brain through A-δ and C fibers. 11 Many clinical studies have supported the conclusion that vibration is indeed an effective method of pain control. [6] [7] [8] [9] [10] 12 Other advantages of the utilization of vibration devices during minimally invasive procedures include easy application, low cost, rapid onset of effect, and minimal side effects. This can especially be of significance for patients in which cold applications and topical creams may aggravate skin conditions such as blanching and contact dermatitis. 13 Although this study demonstrated a significant decrease in pain levels with the coadministration of vibration during injections, interestingly, 2 patients experienced higher levels of pain. If patients feel discomfort from vibration, this can increase anxiety levels in patients which can ultimately increase the level of pain felt by the patient. This should be considered among the drawbacks of vibration anesthesia as some patients may experience discomfort from the sensation of vibration. This can especially be the case for perioral applications as teeth can be more sensitive to the feeling of vibration. Therefore, it is important to discuss and demonstrate the sensation of vibration to patients prior to injections and understand their comfort level before the procedure.
Even though pain is among the most important factors that patients and physicians consider prior to injectables, its evaluation is mainly clinical and subjective and is undertaken with visual analogue scales. This can be noted as a limitation of our study, yet this subjectivity was mainly overcome by using a split-face study model which allows for the evaluation of both groups on the same subject. Further split-face studies with higher patient numbers that also incorporate other frequently injected facial subunits will be beneficial to make more objective judgements regarding the effect of vibration anesthesia on pain during minimally invasive procedures.
A study by Mally et al demonstrated that vibration was effective in achieving pain reduction in patients undergoing facial dermal filler applications, excluding the lips. 10 They stated that they excluded lip injections in their study because they anticipated that the anesthetic effect of vibration alone would be insufficient for patient comfort. They also mentioned that they routinely administered infraorbital and mental nerve blocks for all patients receiving lip injections. Nerve blocks are a very effective method of relieving pain during lip injections but they too have drawbacks of their own. First of all, adequate analgesia with nerve blocks can only be attained with an additional four injections to both infraorbital and mental nerves on either side, adding to the anxiety level of the patient. Also, most patients prefer to continue their daily routine right after these procedures and nerve blocks tend to set back the patients from engaging in social activities for several hours after applications. Therefore, we aimed to determine the analgesic effect that vibration could achieve along with topical anesthetic applications and found a significant benefit in reducing pain levels. To our knowledge, this is the first study that addresses the effect of vibration anesthesia on lip augmentation procedures.
CONCLUSIONS
In conclusion, vibration devices can be a safe and effective tool for lowering pain levels in patients undergoing lip augmentation with hyaluronic acid fillers. Patients should be allowed to feel the sensation of vibration prior to lip injections to determine if they are suitable candidates for this technique. All in all, the simplicity, efficacy, low cost, and the ability to use it as an adjunct with other anesthetic methods renders vibration anesthesia a suitable technique for pain alleviation and overall patient comfort for lip augmentation procedures.
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